The objective lens is regarded as the critical component for an optimal image in light microscopy. Not every damage to the lens surface may be easily visible during maintenance when the objective is removed and observed. The internal lens organization produces a magnified image of the outer lens surface. Shining the light of a laser pointer into the lens, and reproducing the image of the light exiting onto a flat surface, produces different images for intact and damaged objective lenses.
Introduction
Light microscopes are widely used in research, routine laboratories, and teaching, and they often represent a substantial investment. Today many different types of microscopes exist, but they all have in common that the objective lens is regarded as the critical component for an optimal image [1] . The need for correction of optical aberrations is the main driver of the difference between low-cost objective lenses, as used by basic student microscopes, and the much more expensive objectives for advanced research microscopes. Microscopes are optical instruments which require regular maintenance, especially cleaning dirt and dust from optical surfaces along the light path [2, 3] . The front lens of the objective is especially sensitive to dust and dirt, which can result in a markedly reduced resolution and suboptimal images. The price of sophisticated instruments, such as confocal or spinning disk microscopes, justifies professional maintenance, usually from the manufacturer. On the other hand, especially in teaching, limited budgets dictate that it is often the in-house staff that performs maintenance procedures. For this second scenario a series of excellent publications give very helpful and practical, step-by-step guidance, even if they do not all agree on all aspects, such as the recommended type of solvents that should be used to remove immersion oil or other fat from the lens [1] [2] [3] [4] [5] [6] . This article describes a lens inspection procedure employing a common laser pointer.
Materials and Methods
Objective lenses should be inspected after each use, and oil should be removed form immersion objectives. Standard operating procedures (SOPs) call for regular removal of the objective and careful inspection using a stereo dissection microscope or, as an alternative, a magnifying glass or an inverted eyepiece [2] [3] [4] . This allows light from a window or lamp to reflect off the lens, which reveals most irregularities on the surface. The lens should be clear and free of oil, dust, or other particles. One should screen for scratches on the surface or adherent contaminations. The lens seal should be checked for damage, which might have allowed oil to seep inside [2] . Interestingly, examining the rear aperture of the objective is supposed to help identify dirt on the external lens surface because the internal lens organization produces a magnified image of these contaminations [5] .
The frequent removal of oil from an immersion lens at the end of each session is likely to have a high propensity to be performed poorly or even wrongly, especially where novices may be at work, as in undergraduate teaching labs. The use of inadequate products, for example, abrasive tissues) or by employing an incorrect technique (for example, applying excessive direct pressure in a zig-zag pattern) has a high potential to damage the lens surface [1, 5] . Importantly, while this may produce a degraded image quality, such as hazy images, the damage to the glass itself may not be immediately obvious and may be difficult to detect [2] .
In our institution 25 light microscopes are used in practical classes to teach clinical microbiology to undergraduate students ( Figure 1A ). They are equipped with a 100×, achromat, oil-immersion objective ( Figure 1B) . Using a routine blood smear from a patient with malaria (Figure 2A ), the quality of images is assessed at the end of term, as part of our maintenance and cleaning tasks.
Results
One microscope produced a very poor, hazy image ( Figure 2B ). The quality of the remaining optical pathway was checked by swapping the objective with another microscope, which confirmed that the cause of the poor resolution was, indeed, the objective. The external lens was thoroughly cleaned, including the use of aggressive solvents, such as xylene and ether, without any improvement in the image. Inspection of the lens using an inverted eyepiece and a stereomicroscope did not reveal any apparent damage.
Based on the idea that any surface changes should be magnified at the reverse aperture [5] , the light of a common laser pointer was used to test this. The front lens of the objective Managing multiple tools means maintaining system uptime while also saving costs. Let us help with replacement aperture strips, extractors and suppressors.
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Discounts for: was aligned with the laser beam of the pointer (laser pointer JD-303, 532 nm, 20 mW; supplied by Alibaba), and the light exiting at the reverse aperture of the objective was projected onto a flat surface at a distance of half a meter (Figure 3 ). The image of an undamaged objective produces a normal image that shows a rather homogenous green projection ( Figure 3A) . The objective producing the poor image ( Figure 3B ), however, reveals markedly different patterns, with circular black rings and dark irregular areas, which move with the rotation of the objective. Using this technique with other objectives demonstrated that dirt or particles usually show up as well-defined, small, isolated dark spots, which disappear after cleaning. The exact nature of this effect is not completely clear, but likely the coherent, polarized light of the laser may be more sensitive to minute damage on the lens surface compared to natural light or light from a common room lamp. Laser pointers use an inexpensive diode laser and are available for 10-20 US$. This method could prove to be a simple and inexpensive way to check objective lenses for damage. Using a neutral-density (ND) filter and a common camera, which can be connected to a laptop, one can imagine the construction of a cheap device that would allow use of image analysis to provide results for this test (Figure 4 ).
Conclusion
A laser pointer can be used to detect dirt and damage in light microscopy objective lenses. When cleaning and visual inspection fail to show any irregularity in a poor performing objective, a simple test with a laser pointer revealed damage unnoticed by other means. 
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